for the Osteoporotic Fractures in Men (MrOS) Study Group Background-Peripheral arterial disease (PAD) and osteoporosis are chronic illnesses that increase in prevalence with aging and certain metabolic disorders. The association between PAD, rates of bone loss, and fracture risk in older men is uncertain. Methods and Results-We sought to test the hypothesis that PAD is associated with higher rates of bone loss and increased fracture risk. We analyzed data from a prospective cohort study involving 6 US centers and 5781 men at least 65 years of age. We assessed ankle-brachial index and hip bone mineral density, followed up prospectively for changes in hip bone mineral density and fractures. PAD was defined as a baseline ankle-brachial index Ͻ0.9. Hip bone mineral density was measured with dual x-ray absorptiometry at baseline and again an average of 4.6 years later. Incident nonspine fractures were ascertained by self-report and confirmed with radiography reports during an average of 5.4 years of follow-up. At baseline, the prevalence of PAD was 6.2%. After adjustment for age, race, site, and baseline bone mineral density, the mean annualized rate of bone loss at the total hip was Ϫ0.66% per year (95% confidence interval Ϫ0.78 to Ϫ0.54) in men with PAD compared with Ϫ0.34% per year (95% confidence interval Ϫ0.36 to Ϫ0.31) in men without PAD (PϽ0.001). After further adjustment for multiple potential confounders, the difference was attenuated (Ϫ0.49% in men with PAD versus Ϫ0.35% in men without PAD) but remained significant (Pϭ0.02). Findings were similar at hip subregions. Twelve percent of men with PAD and 7.9% of those without PAD experienced an incident nonspine fracture (hazard ratio adjusted for age, race, and siteϭ1.47, 95% confidence interval 1.07 to 2.04); this association was not altered substantially by further adjustment for multiple confounders.
F ractures related to osteoporosis and peripheral arterial disease (PAD) are major causes of morbidity and mortality in older people. 1, 2 Evidence exists to support an association between atherosclerosis of peripheral vessels and osteoporosis. Laroche et al 3 conducted a study of 25 patients with unilateral lower-limb PAD and reported that bone mineral density (BMD) at the femur, ankle, and foot was lower in the PAD-affected limb than in the unaffected limb. Similarly, Pennisi et al 4 conducted a case-control study and found lower spine and hip BMD among 36 patients with either carotid or femoral atherosclerosis than among age-and gender-matched control subjects. In addition, previous large observational studies have provided evidence of an association between low BMD and either incident cardiovascular disease 5 or subclinical atherosclerosis. 6 -8 
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However, most prior investigations that examined the association between PAD and bone health were crosssectional analyses of patient populations selected on the basis of their risk for PAD and were focused primarily on women. Thus, findings may not be applicable to a longitudinal assessment of unselected community-dwelling older men. Prospective studies are needed to accurately examine the association between PAD and subsequent rates of bone loss and fracture risk. To test the hypothesis that older men with PAD have increased rates of bone loss and higher fracture risk, we measured ankle-brachial index (ABI) and hip BMD in a cohort of community-dwelling men 65 years of age and older in the Osteoporotic Fractures in Older Men (MrOS) study and followed them prospectively for changes in BMD and fractures.
Methods

Participants
From March 2000 to April 2002, 5995 men at least 65 years old were recruited for participation in the baseline examination of the prospective MrOS study, a large observational study of the determinants of fracture risk in older men. 9 Men were recruited from populationbased listings in Birmingham, Ala; Minneapolis, Minn; the Monongahela Valley, Pa; Palo Alto, Calif; Portland, Ore; and San Diego, Calif. 10 Of the 5995 men enrolled in MrOS, 5781 (96.4%) had ABI data at the baseline examination ( Figure 1 ). Of the 214 men without ABI measurements, measurements were attempted but not completed on 116 men because of an inability to occlude or locate the tibial arteries, or for other reasons; 74 men refused to be measured; and 24 men met exclusion criteria (20 with open wounds or ulcerations, 3 who were unable to lie at a 45°angle, and 1 who had bilateral amputations).
A total of 4409 (76% of active survivors) of the 5781 men with baseline ABI data attended a second clinic examination between March 2005 and April 2006. Of these, 4302 completed a technically adequate hip BMD measurement at both examinations and were included in the analyses investigating the association between PAD and rate of change in hip BMD. All 5781 men with baseline ABI measurements were included in the analyses examining the association between PAD and risk of incident fractures ( Figure 1 ). The appropriate institutional review boards reviewed the study, and written informed consent was obtained from all study participants.
Measurement of BMD
BMD (g/cm 2 ) of the total hip and its subregions (femoral neck; trochanter) was measured at the 2 examinations (mean 4.6 [0.3 SD] years between examinations) with fan-beam dual-energy x-ray absorptiometry (QDR 4500W, Hologic Inc, Bedford, Mass). Further details of the measurement method, densitometry quality control procedures, and precision of the measurements in the present study cohort have been published elsewhere. 9, 11 For the primary analysis, the rate of change in BMD was expressed as an annualized percentage of the difference between the follow-up BMD and initial BMD divided by the initial BMD.
Ascertainment of Fractures
We contacted participants by postcard or telephone every 4 months to ask whether they had sustained a fracture. We were able to complete 99% of these contacts in surviving men. Fractures were verified by physician adjudication of medical records and x-ray reports. Unconfirmed and pathological fractures were not considered in the analyses. All confirmed fractures that occurred and were adjudicated after the baseline examination and by August 1, 2007, were included in these analyses. Average follow-up was 5.4 (1.4 SD) years for nonspine fractures and 5.6 (1.2 SD) years for hip fractures.
Peripheral Arterial Disease
The diagnosis of PAD was based on the ABI, the ratio of the systolic pressure in the ankle to that in the arm. Systolic blood pressure was measured in each arm once, and the average of the 2 measurements was obtained. Systolic blood pressure was measured twice in each foot, and an average was taken of the 2 readings from each foot. From this, an ABI was obtained for each leg. Subjects with a resting ABI of less than 0.9 in either leg were classified as having PAD. 12 secondary analyses, we classified ABIs of 0.70 to 0.89 as mild disease, 0.41 to 0.69 as moderate disease, and Յ0.4 as severe disease. 13 For the latter category, none of the participants had ABI levels in the range of severe disease.
Other Measurements
Participants completed a questionnaire and were interviewed at the baseline examination. Race/ethnicity was based on self-declaration.
In addition to questions about race/ethnicity, participants were asked about age; health status; physical activity, including completion of the Physical Activity Scale for the Elderly 14 ; use of walking for exercise; social habits; and past medical history. Participants were asked to bring with them to the clinic all current prescription medications used daily or almost daily for at least the past month for verification of use.
Participants were classified as diabetic if they had a fasting (Ն8 hours) glucose level Ն126 mg/dL or prevalent self-reported diabetes mellitus at baseline or were using hypoglycemic agents or insulin at baseline. Tests of physical function included inability to rise from a chair (without using arms) 5 times. Weight change was calculated by subtracting weight at the baseline examination from weight at the second examination and was expressed as a percentage of the baseline value. Body mass index was calculated with weight (kg)/ height (m 2 ). Participants' renal function was assessed by estimating the glomerular filtration rate based on the Modified Diet in Renal Disease equation. 15 
Statistical Analysis
To compare characteristics at the baseline examination by category of PAD (no PAD [ABI Ն0.9] versus PAD [ABI Ͻ0.9]), 2 tests were used for categorical variables (Fisher exact tests for categorical data with low expected cell counts), t tests were used for normally distributed continuous data, and Wilcoxon rank sum tests were used for skewed continuous data. For the primary analysis examining the association between PAD and rate of change in BMD at the total hip and its subregions (femoral neck, trochanter), the annualized mean change in BMD and its 95% confidence interval (CI) were calculated for men with and without PAD by the least square means procedure. Known risk factors for bone loss and characteristics related to PAD were examined for inclusion in multivariable models for the associations between PAD and rate of change in BMD. We included in our multivariable models age, race, site, baseline hip BMD, and those variables that were related to PAD at PՅ0.10 and rate of change in BMD at PՅ0.10, independent of age (ie, self-reported health status, walks for exercise, smoking status, alcohol use, cardiovascular disease, hypertension, diabetes mellitus, loop diuretic use, weight change, inability to rise from a chair, and estimated glomerular filtration rate [Modified Diet in Renal Disease index]). 
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In secondary analyses, the least squares means procedure was used to compare adjusted mean annualized percentage change in BMD according to PAD severity (moderate versus mild versus no PAD), with results presented as adjusted means and 95% CI and P for trend across the 3 categories. Because high levels of ABI may be indicative of underlying vascular calcification, 16 -20 and because vascular calcification has been associated with osteoporosis and bone loss, 21 we also examined the mean annualized percent change in BMD by decile of ABI to further characterize rate of change in BMD at the extremes of ABI.
Adjusted Cox proportional hazards models were used to analyze the association between baseline PAD status and subsequent risk of nonspine fracture and hip fracture, with results presented as hazard ratios and 95% CIs. We included in our multivariable models age, race, site, and those variables that were related to PAD at PՅ0.10 and the fracture outcome of interest at PՅ0.10, independent of age. All analyses were performed with SAS software (version 9.1, SAS Institute Inc, Cary, NC).
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Characteristics of the Study Population
Baseline characteristics of the 5781 men according to PAD status are shown in Table 1 . Of the 5781 men in the cohort, 358 (6.2%) had evidence of PAD as defined by an ABI Ͻ0.9, including 242 men with mild PAD (ABI 0.70 to 0.89) and 116 with moderate PAD (ABI 0.41 to 0.69; Table 1 ).
Of the 5781 men in the cohort, 703 (12%) did not return for visit 2. The percentage of men who did not return for visit 2 increased with PAD severity: 11% of men without PAD did not return for visit 2 versus 28% among men with mild PAD and 32% among men with moderate PAD (PϽ0.001). Of the 4302 men with initial and follow-up hip BMD measurements an average of 4.6 years later who were included in the analysis that examined the association between baseline PAD status and subsequent rates of change in hip BMD, 189 (4.4%) had PAD at baseline. Among the 169 men with baseline PAD who did not complete repeat hip BMD measurements, 82 (52 men with mild PAD and 30 with moderate PAD) had died, 12 (7 with mild PAD and 5 with moderate PAD) terminated their participation in the study, and 67 (44 with mild PAD and 23 with moderate PAD) did not attend the second examination, primarily owing to poor health.
PAD and Rates of Change in Hip BMD
Average rates of change in BMD at the total hip and subregions according to PAD status are shown in Table 2 . On average, men with PAD had a higher rate of bone loss at the total hip than men without PAD (Ϫ0.78% versus Ϫ0.33% per year, PϽ0.001). The association was only slightly diminished after adjustment for age, race, clinical site, and baseline total hip BMD (Ϫ0.66% versus Ϫ0.34% per year, PϽ0.001). After further adjustment for multiple potential confounders, the difference was attenuated but remained significant (Ϫ0.49% versus Ϫ0.35% per year, Pϭ0.02).
At the femoral neck, the mean annualized rate of bone change in the multivariable model was Ϫ0.60% per year (95% CI Ϫ0.76 to Ϫ0.43) and Ϫ0.32% per year (95% CI Ϫ0.35 to Ϫ0.28) for men with and without PAD, respectively (Pϭ0.001). Mean annualized percent rates of change in hip BMD by severity of PAD are shown in Table 3 . We did not find evidence of a graded association between PAD severity and rate of hip bone loss.
We determined mean annualized percent rates of change in total hip BMD by decile of ABI. Evidence was found that the adjusted rate of hip bone loss was greater among men in decile 1 (ABI Ͻ0.99, mean loss Ϫ0.61% per year) and among men in decile 10 (ABI Ն1.33, mean loss Ϫ0.40% per year) than among men in the intermediate deciles 2 to 9 (ABI 0.99 to 1.33, mean loss Ϫ0.32% per year; PϽ0.001 for decile 1 versus deciles 2 to 9 and Pϭ0.07 for decile 10 versus deciles 2 to 9). Rates of loss were similar among men in the intermediate deciles (PϾ0.16 for comparisons between deciles). 
PAD and Fractures
During a mean follow-up of 5.4 years (SD 1.4 years), 42 men with PAD (12%), including 17 with moderate PAD (15%) and 25 with mild PAD (10%), experienced at least 1 nonspine fracture compared with 431 (8%) men without PAD. After adjustment for age, site, and race, men with PAD relative to those without PAD had a 1.5-fold increase (hazard ratio 1.47, 95% CI 1.07 to 2.04) in risk of nonspine fracture (Figure 2 ). 
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Further individual adjustment for several additional covariates only modestly attenuated the association. During a mean follow-up of 5.6 years (SD 1.2 years), 12 men with PAD (3%), including 6 with moderate PAD (5%) and 6 with mild PAD (2%), experienced at least 1 hip fracture compared with 76 men without PAD (1%). After adjustment for age, site, and race, men with PAD relative to those without PAD had a 1.6-fold increase (hazard ratio 1.60, 95% CI 0.86 to 2.99) in risk for first hip fracture, which did not reach statistical significance (Figure 2 ). Further individual adjustment for several additional covariates did not substantially alter the magnitude of the point estimate of the association, with the exception of baseline hip BMD and inability to rise from a chair 5 times (without using the arms). After adjustment for age, hip BMD, and inability to rise from a chair, no evidence was found of an association between PAD and risk of hip fracture (hazard ratio 1.1, 95% CI 0.57 to 2.13).
Discussion
We found that PAD among community-dwelling older men was independently associated with higher rates of hip bone loss. This association remained after adjustment for several potential confounders. Although our power was limited in examining the association between PAD and risk of hip fracture, the present findings suggest that an association between PAD and hip fracture in older men is primarily explained by older age, lower hip BMD, and poorer lowerextremity performance among men with PAD.
These findings are generally consistent with those reported from prior population-based studies that have examined the cross-sectional association between PAD and BMD. 8, [22] [23] [24] One cross-sectional study of nearly 4000 Chinese men and women 65 to 92 years of age reported that PAD (prevalence 6.8%) was negatively correlated with total hip BMD in the unadjusted analyses, but the correlation was greatly reduced after adjustment for potential confounders. 24 In addition, prior studies, including those based on cross-sectional and longitudinal data, have evaluated the association between low bone mass and subclinical atherosclerosis (ie, calcification of coronary or aortic arteries) in various populations, particularly women and minorities. 7, 21, 24, 25 In general, these studies have reported an inverse relationship between BMD and calcification of the aorta 7, 25, 26 and coronary arteries. 27 In 1 longitudinal study, 7 the progression of aortic calcification was linked to higher rates of trabecular bone loss at the spine in postmenopausal women.
An association between PAD and higher rates of bone loss may exist for several reasons. Risk factors for atherosclerosis and osteoporosis overlap. Notably, older age, physical inactivity, smoking, and diabetes mellitus have been linked to both atherosclerosis and osteoporosis. In addition, adults with type II diabetes mellitus are more likely to have PAD than nondiabetic adults, 16, 28 and increasing evidence suggests that older adults with type II diabetes mellitus have higher rates of bone loss. 29 -31 Although the association between PAD and higher rates of bone loss among older men in the present study was attenuated after adjustment for these and other potential confounders, an independent association between PAD and higher rates of hip bone loss remained. Aside from shared clinical risk factors, shared biological pathways [32] [33] [34] may explain the link between PAD, bone loss, and fracture risk. For example, reduced renal function has been linked to both PAD 35, 36 and higher rates of bone loss and increased risk of fracture 37, 38 ; however, in the present cohort, the association between PAD and higher rates of bone loss remained despite adjustment for renal function. In addition, higher levels of inflammatory markers, including homocysteine, C-reactive protein, and interleukin-6, have been linked to both PAD 39 -41 and higher rates of bone loss and increased risk of fractures. [42] [43] [44] [45] [46] [47] The present findings also suggest that high ABI, a marker of vascular calcification and increased vessel stiffness, may be associated with increased rates of hip bone loss. Prior studies of vascular calcification and osteoporosis have primarily been conducted in women, but those that have included men have been cross-sectional in design and have not reported an independent association between vascular calcification and lower BMD in men. 21, 48, 49 Using prospective data, we demonstrate an association between PAD and risk of fracture in older men. The association between PAD and increased risk of nonspine fracture was not altered substantially despite adjustment for several potential confounders.
The present study has several strengths, including its prospective design, enrollment of community-dwelling older men not selected on the basis of PAD or low BMD, an objective assessment of atherosclerosis of the lower extremities, and nearly complete ascertainment of incident fractures blinded to PAD status. However, the present study is not without limitations. First, the participants were predominantly white men, such that the results of the present study may not be generalizable to more racially diverse populations or older women. The present results on the relationship between PAD and higher rates of bone loss may underestimate this association, because men with PAD compared with those without were more likely to not return to the clinic for repeat hip BMD measurements, usually because of death in the interim or poor health. We also did not observe a graded association between PAD severity and rates of bone loss; however, because men with moderate to severe PAD were more likely to be missing a repeat BMD measurement than those with mild PAD, our power was limited to detect this relationship. Besides renal function, we were not able to examine potential biological markers that may mediate the association between PAD, bone loss, and fracture. The present findings are limited to PAD as defined by the ABI. We did not use other methods (eg, pulse volume recordings) to determine the presence of disease. Also, we did not perform repeat ABI measurements at the second examination, which prevented us from examining whether progression of PAD was concurrently associated with increasing rates of bone loss. Finally, we did not measure biomarkers such as vitamin D level; additional adjustment for vitamin D levels may have further attenuated the association of PAD with rates of bone loss and fracture.
In conclusion, community-dwelling older men with PAD have higher rates of hip bone loss and an increased risk of nonspine fractures. These findings suggest that PAD should be added to the list of secondary medical conditions such as Parkinsonism and stroke that are associated with a greater likelihood of higher rates of bone loss and fracture among older people. Future research should examine potential biological mechanisms underlying this association.
